The objective of the study was to determine the effect highest systolic and diastolic BP was measured ( 
Introduction
bladder length was not analysed separately. SimpThe outcome of blood pressure (BP) measurements son et al 3 compared bladders with a length of 23 and depends on a number of factors, including numer-35 cm and reported a lower BP measured with the ous biological and analytical sources of variation. long bladder, the difference being 4.2 mm Hg sysBiological variations are relative to changes in the tolic and 3.8 mm Hg diastolic, independent of both individual, and are induced by, for instance, bladder width and arm circumference. However, emotions, day-and night-rhythm, seasons, meals they investigated only a few obese subjects. and posture. Analytical variations derive from the Variation in BP measurements caused by the use variability of the instruments used, from the stethoof different bladder sizes is particularly important scope and the size of the inflatable bladder to for follow-up studies of BP. Individual monitoring observer bias, the hearing and eye, hand and ear coof BP is common practice in primary care, and may ordination. BP sounds must be accurately interinvolve practice-based meters and meters used for preted in order to obtain a proper reading. In this home visits. As the cuff size of these meters may study we have investigated the influence of the bladvary, the effect of the cuff size on BP variation is of der size on BP measurement, by keeping other facmore than theoretical importance in general practors as standardised as possible. In the early part of tice. this century the 'standard' bladder had a width of 5
Vartianen et al 4, 5 studied the changes in the main cm. Von Recklinghausen discovered, though, that a cardiovascular risk factors in Finland over 20 years. bladder with a width of 12 cm provided a better estiUsing, at first, a cuff with a bladder length of 23 cm mate of the actual BP.
1 Later on Maxwell et al 2 conand late a 42 cm one, they argued that the decrease cluded that a 12 × 23 cm bladder, used in obese subin BP over 20 years may be overestimated in obese jects, gave higher BP measurements than a 15 × 33 subjects. cm bladder. This difference in measurement rose A survey (of which this study is a part) measured linearly with an increase in arm circumference and BP in a population of local, general practices. Most was 5.1 mm Hg systolic and 4.1 mm Hg diastolic of these practices provided a 13 × 36 cm bladder, which follows the recommendation of the Dutch differential cuff size had been followed: a bladder of t-test the differences in BP measurements between different bladders were assessed. 
Results
The study group of the 130 subjects contained 61
Subjects and methods
men and 69 women, aged between 22 and 70 (with A fully randomised experimental study was perfora mean of 49). The mean arm circumference was med, in which three bladders were used: 13 × 23, 32.9 cm (range 25-40 cm, SD 3.7). There were 51 16 × 23 cm and 13 × 36 cm. After exclusion of three subjects (39%) with an arm circumference greater subjects with an irregular pulse and one with a conithan 35 cm. Table 1 gives the mean BPs with the cal arm, the study population consisted of 130 volrespective bladders. As seen from the table, there is unteers: 52 patients from a general practice, 47 from a difference between the mean BP measurements an outpatients clinic and 31 subjects from a recusing the three bladders. These differences were all reation centre. It was planned to include one in statistically significant from each other as shown in three subjects with an arm circumference of 35 cm Table 2 . The highest BP values were obtained with and greater. No patients were undergoing any spethe smallest bladder of 13 × 23 cm, followed by the cial treatment for cardiovascular disease or hyper-13 × 36 cm bladder, and the lowest BP values were tension. Participants had their upper arm circumfermeasured with the 16 × 23 cm bladder. Figure ence measured on their right arm, exactly midway 1shows the relationship between arm circumference between acromion and olecranon, before being and the systolic and diastolic BP for the three bladincluded in the study. Recruitment was continued ders. There is an increase of the diastolic BP (DBP) until a proportional distribution of upper-arm cirfor all bladders with increasing arm circumference, cumferences between 25-40 cm had been achieved.
rising from about 69 mm Hg for the thinnest arms to To minimise any systematic influence due to the about 80 mm Hg for the most obese arms. Although sequencing of bladder use, a randomisation scheme for the smallest bladder (13 × 23 cm) the increment was performed, consisting of three blocks of one is slightly greater than with the other bladders, the measurement with each bladder. Thus, BP was differences between the three slopes of the taken a total of nine times, three times with each regression lines were not significant. Systolic BP bladder. BP was measured on the right arm with the (SBP) rose from 120 mm Hg for the thinnest arms to patient seated. The patient's arm was bare, unrestricabout 130 mm Hg for the most obese arms. Also, for ted by clothing, with the palm of the hand facing the SBP the slopes of the three regression lines were upward. 7 The centre of the bladder was positioned not significantly different from each other. For both directly over the palpated artery. Measurements SBP and DBP the difference between the bladders took place in a quiet room, with a comfortable tem-16 × 23 and 13 × 23 cm is the greatest. With the perature, without a telephone or other modalities 16 × 23 cm bladder the lowest BP was measured. for disturbance.
The difference in systolic and diastolic BP measureAll BP measurements were carried out by one thoments between the bladders, represented as a conroughly trained investigator, using a Hawksley rantinuous variable, is shown in Figure 2 . An analysis dom zero sphygmomanometer that was checked for of variance showed no influence of age, gender or accuracy before each measurement session. Training height of BP on the differences in BP values. We also took place by simultaneous BP measurement with a investigated if there was a time period effect. In Fig-Y -tube in the presence of two skilled doctors, a genure 3 the three blocks of readings are shown in order eral practitioner and an internist, both involved in of time of measurement, illustrating that there is BP research. All participants received an explaonly a small non-significant rise in DBP over time, nation of the aim of the study and the importance independent of the bladder used. of silence during the measurements.
Comparison of the 13 × 36 bladder with the Upon entering the room, the cuff with the first 13 × 23 and 16 × 23 cm bladders yielded the followbladder selected was put on, and the subjects rested ing results (Figure 2) : the difference between the for 10 min before the first measurement was taken.
13 × 23 cm bladder and the 13 × 36 cm bladder Directly after that measurement the next cuff was increased with arm circumference. For SBP the applied, and this procedure was repeated until the mean difference rose from 1.4 in the thinnest arms last measurement. The cuff was inflated to a high to 2.6 mm Hg for the most obese arms. For DBP the pressure and the investigator waited a moment mean difference increased from 0.8 to 2.0 mm Hg. before deflating the cuff.
Regression analysis showed that the increase was not significantly different from zero for both the sysStatistical analysis tolic and the diastolic BP. The mean difference between the 16 × 23 and 13 × 36 cm bladders was We used an analysis of variance to look for differences between the bladders. By means of a paired small for the systolic as well for the diastolic BP. with the 13 × 23 bladder, the lowest BP with the 16 × 23 cm bladder, with the intended standard 13 × 36 cm bladder falling between the other two. We found a systematic difference throughout the whole range of arm circumference with the highest The difference in SBP decreased slightly with an increasing arm circumference from 2.4 for the thinpressures found in subjects with the largest arm circumference. Though cuff sizes accentuated the difnest arms to 0.9 mm Hg for the most obese arms. The difference in DBP rose from 0.7 to 1.1 mm Hg for the ferences in increasing arm circumference, the regression lines of the three bladders were not sigmost obese arms. Regression analysis showed that the changes were not significantly different from nificantly different from each other. Also, in absolute terms the differences were not very relevant zero. Figure 1 Relation between SBP and DBP and arm circumference for different bladders. cm as hypertensive. For a larger arm circumference (35-49.5 cm) the 12.5 × 24 cm bladder yielded a greater prevalence of systolic hypertension, without mentioning precise numbers.
10 They concluded that the 14.5 × 37 cm bladder closely approximates true BP. Simpson and Sprafka reported a lower BP with the longer bladders without an influence of arm circumference.
3,12 Sprafka pointed to the underestimation of BP from use of a larger bladder than that recommended by the American Heart Association.
11,12 But van Montfrans et al 13 found no such underestimation for a large bladder and recommend a bladder of 14 × 38 cm for everyone that would give the best estimate of the intra-arterial BP. Comparable results were presented by Croft and Cruickshank 14 who pointed to the wide variability between readings from the two cuffs. All these findings support the results presented in this study.
Of special interest is the separate influence of length and width of the bladder, on which only a few studies are available. Simpson et al 3 reported an on average 3 mm Hg lower systolic and diastolic BP with wider bladders. This is again in agreement with our findings where the lowest BP was found using the bladder of 16 × 23 cm. This could mean that bladder width, as well as length, influence the results of a BP measurement, or even that in a given bladder width the length is becoming less important. However, using a bladder width or 16 cm would require more extensive undressing by the patient, which would hamper its practical value in daily practice.
The British Hypertension Society 15 and the American Heart Association 11 both recommend different bladders sizes for different arm circumferences depending on whether the arms are lean, normal or obese. In the light of this, and other studies mentioned, there is no justification for these rec- lean or obese subjects warrants special comments. This study found a maximum mean difference in SBP of 2.6 mm Hg and in DBP of 2.0 mm Hg in the when compared with the 13 × 36 cm bladder, not most obese arms, which was in the same range as even for arm circumferences above 35 cm. Maxwell et al. 2 Although this small variation may Most authors report a higher BP with a short, narbe important in epidemiology, since there is a higher row bladder, in comparison with a long, wider bladprevalence of hypertension in obese patients, the der, but they differ in their opinion about the exact danger of misclassification in the very obese appears influence of arm circumference. Maxwell et al 2 comto be limited. paring 13 × 23 and 15 × 33 cm bladders, reported a Our study was limited to arm circumferences of difference up to 3.2 mm Hg systolic and 2.4 mm Hg 25-40 cm, and our results cannot be extrapolated to diastolic in subjects with an arm circumference less leaner subjects as there may be some underestimthan 34 cm. Khosla and Lowe 9 found no direct ation of BP measured in this group. The available relation between arm circumference and BP evidence, however, is contradictory. No effects of a measurements and proposed an indirect influence of bladder length encircling the arm for over 100% are arm circumference, due to the correlation between reported. 16 Although O'Brien 17 argued that overweight and BP. Linfors et al 10 (for 12.5 × 24 and cuffing could underestimate BP in very lean arms 14.5 × 37 cm bladders) found no difference in classiwhich could lead to a potential misclassification of fying subjects with an arm circumference below 35 truly hypertensives as normotensives, there is not much evidence in the literature that a bladder 
